ABSTRACT. Objectives. Life-threatening arrhythmias and prolonged QT interval have been reported in adults and children using cisapride, a medication structurally similar to procainamide. Premature infants have reduced activity of cytochrome p-450, the system responsible for metabolism of cisapride, which could lead to QT prolongation. Therefore, we prospectively studied premature infants and children receiving cisapride to analyze the effect of prolonged cisapride therapy on QT interval.
C
isapride is a prokinetic agent that is commonly used for a variety of motility disorders including gastroesophageal reflux, gastroparesis, and constipation. Between 1993 and 1996, the Food and Drug Administration Medwatch Program reported 57 patients (including 7 children and 1 adolescent) who developed electrocardiographic (ECG) changes, either torsade de points or prolonged QT interval with syncope related to use of cisapride. 1 Ventricular tachycardia occurred in an 8-year-old patient in an intensive care setting receiving cisapride with concomitant erythromycin, 2 and seconddegree atrioventricular block with prolonged QT was reported in a 2-month-old premature infant receiving cisapride at therapeutic doses.
3 Arrhythmia attributable to cisapride could be caused by an unrecognized inherent trend toward QT prolongation or to coexisting factors such as overdosing or altered metabolism of cisapride. One of the factors implicated thus far has been use of medications that inhibit the cytochrome p-450 system, the primary pathway for cisapride metabolism. 4 Premature infants and neonates may be at higher risk because of reduced activity of the cytochrome p-450 enzymes in this age group. 5 Although case reports of increased QT interval diagnosed attributable to clinical symptoms exist, we are not aware of any prospective study that has looked at the effect of cisapride on QT interval in therapeutic doses. The aim of this study was to evaluate the effect of prolonged cisapride use, at a fixed dose, on corrected QT interval in premature infants and children.
METHODS
Schneider Children's Medical Center is a tertiary care children's hospital located in central Israel that treats children and adolescents to 18 years of age. All children followed by the Pediatric Gastroenterology and Nutrition Service Outpatient Clinic or infants hospitalized in the Neonatal Intensive Care Unit, who were receiving or about to start cisapride for a period of at least 1 month, were considered eligible to enter the study. Five children receiving cisapride at therapeutic doses of 0.2 mg/kg/dose four times daily had an ECG performed after their morning dose and another ECG performed at the first follow-up visit after stopping cisapride therapy. Children about to start cisapride had a baseline ECG performed. All children then were scheduled for a follow-up visit 1 month later and had a repeat ECG performed at this time, provided that they had been compliant throughout the study period. Patients were instructed to take their regular dose of cisapride before arriving at the clinic.
All ECG studies were evaluated by a single cardiologist blinded to therapy, and QT interval was documented. Corrected QT interval was calculated according to the Bazzet formula 6 in leads L2 or V5. Corrected QT (QTc) was considered prolonged if it exceeded the upper limit for age.
Statistical Analysis
Analysis of variance was performed using the Duncan multiple comparison option. Because of the small number of patients, the Kruskall-Wallis nonparametric test also was performed. To compare means between first dose and 1 month of therapy to baseline QTc interval, the student's t test also was performed.
P values Յ.05 were considered statistically significant.
RESULTS

Patient Data
A total of 38 children and adolescents were enrolled into the study, including 12 premature infants. Seven children were excluded because of noncompliance, and 1 was lost to follow-up.
Indications for cisapride therapy included gastroesophageal reflux, constipation, cyclic vomiting, and anorexia nervosa with early satiety, as well as suspected motility disorder in a premature infant. Data regarding age and the clinical disorder necessitating cisapride therapy are presented in Table 1 . Gestational age for premature infants ranged from 25 to 36 weeks. One premature infant had an episode of supraventricular tachycardia before cisapride therapy.
Effect of Cisapride
There were no clinical adverse effects reported during the study. Two infants had received erythromycin for 1 week during therapy, but medication had been discontinued before follow-up, and ECG during erythromycin therapy was not performed. No abnormalities were found on ECG analysis during the study.
Mean QTc interval according to age group and time of ECG study is presented in Table 2 . Mean QTc interval at 1 month was almost unchanged compared with baseline in all groups, and the difference was not statistically significant.
Many patients continued cisapride treatment, but additional ECG studies were not performed after the end of the study period.
DISCUSSION
Since reports have started to surface regarding life threatening arrhythmias and QT prolongation in patients using cisapride, concern has arisen regarding the safety of cisapride use. The risk for serious ventricular arrhythmia in an adult population has been estimated to be 1 in 120 000 patients 3 but might be much higher because of underreporting. The risk for silent QT prolongation would be expected to be even higher; however, this has not been examined previously in the published literature. Premature infants theoretically could be a high-risk group. Cisapride is bound to albumin, 4 and hyperbilirubinemia could cause displacement of cisapride. Furthermore, premature infants have lower cytochrome p-450 activity and content relative to older children and adults. 5 These factors could lead to higher blood levels and more toxicity.
In our study, children and premature infants using cisapride at therapeutic doses of 0.8 mg/kg per day did not develop QT prolongation as judged by follow-up ECG. Furthermore, premature infants who theoretically might be at higher risk, did not show a trend to prolongation of QT interval despite prolonged use, and QTc interval was similar for premature and older children at baseline and during therapy. Although the number of patients, and specifically premature infants, was small, these data tend to support the concept that other factors may be responsible for QT prolongation.
The mechanism by which cisapride prolongs QT is not understood. Several theories have been advanced. Cisapride is similar structurally to procainamide, a class I antiarrhythmic drug that slows conduction velocity, increases the effective refractory period in the His-Purkinje system, and moderately prolongs repolarization. 7, 8 In addition, cisapride is a 5-HT4 agonist, and 5-HT4 receptors have been isolated in human atria, possibly causing a chronotropic effect. 9 -11 Factors that increase blood levels of cisapride or, specifically, inhibit cytochrome p-450 IIIA4 (such as macrolide antibiotics, imidazole antifungal agents, and grapefruit juice) may be the most common cause for concern. 1, 4 Patients with diseases predisposing to arrhythmias, such as hypokalemia, hypomagnesemia, or hypoxia, also might be at a higher risk for developing ECG changes. Idiosyncratic reactions may also play a role in isolated cases.
To our knowledge this is the first study that has prospectively followed ECG during use of cisapride in premature infants and children. Although the number of patients in our study was small, the effect of cisapride on QT interval in premature infants was not different than that in older children, and an inherent trend to prolongation of the QT interval during cisapride use was not identified in any age group. Additional studies with larger number of patients are required to confirm the safety of cisapride use in premature infants. Risk factors cited previously should be determined before prescribing this medication, and patients as well as physicians should be warned of medications that might increase cisapride toxicity. Results are expressed as the mean Ϯ SD. Results are expressed as the mean Ϯ SD.
